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$XWRPDWHG YHKLFOHV VHHN WR UHOLHYH WKH KXPDQ GULYHU IURP SULPDU\ GULYLQJ WDVNV EXW WKLV VXEVWDQWLDOO\GLPLQLVKHV WKH
FRQQHFWLRQEHWZHHQGULYHUDQGYHKLFOH FRPSDUHGWRPDQXDORSHUDWLRQ$WSUHVHQWDXWRPDWHGYHKLFOHV ODFNDQ\IRUPRI
FRQWLQXDO DSSURSULDWH IHHGEDFN WR UH-HVWDEOLVK WKLV FRQQHFWLRQ DQG R'IHU D IHHOLQJ RI FRQWURO :H VXJJHVW WKDW DXGLWRU\
IHHGEDFNFDQEHXVHGWRVXSSRUWWKHGULYHULQWKLVFRQWH[W$SUHOLPLQDU\'JHOGVWXG\WKDWH[SORUHGKRZGULYHUVUHVSRQGWR
H[LVWLQJDXGLWRU\IHHGEDFNLQPDQXDOYHKLFOHVZDV'JUVWXQGHUWDNHQ:HWKHQGHVLJQHGDVHWRIDEVWUDFWV\QWKHVLVHGVRXQGV
SUHVHQWHG VSDWLDOO\ DURXQG WKH GULYHU NQRZQ DV 6SDWLDO(DUFRQV WKDW UHSUHVHQWHG GL'IHUHQW SULPDU\ GULYLQJ VRXQGV HJ
DFFHOHUDWLRQ7RHYDOXDWH WKHLUH'IHFWLYHQHVVZHXQGHUWRRNDGULYLQJVLPXODWRU VWXG\ LQDQRXWGRRU VH&?LQJXVLQJD UHDO
YHKLFOH 6SDWLDO(DUFRQV SHUIRUPHG DV ZHOO DV ([LVWLQJ9HKLFOH6RXQGV GXULQJ DXWRPDWHG DQG PDQXDO GULYLQJ VFHQDULRV
6XEMHFWLYHUHVSRQVHVVXJJHVWHG6SDWLDO(DUFRQVSURGXFHGDQHQJDJLQJGULYLQJH[SHULHQFH&iLVSDSHUDUJXHVWKDWHQWLUHO\
QHZ V\QWKHVLVHG SULPDU\ GULYLQJ VRXQGV VXFK DV 6SDWLDO(DUFRQV FDQ EH GHVLJQHG IRU DXWRPDWHG YHKLFOHV WR UHSODFH





$GGLWLRQDO .H\ :RUGV DQG 3KUDVHV $XWRPDWHG 9HKLFOHV $XGLWRU\ 'LVSOD\V $XGLWRU\ )HHGEDFN 'ULYLQJ 6LPXODWRU
(DUFRQV([LVWLQJ9HKLFOH6RXQGV+DQGRYHURI&RQWURO 
$&05HIHUHQFHIRUPDW 





RIDXWRPDWHGYHKLFOHV >@+RZHYHUQHZUHVHDUFK LVHPHUJLQJWKDW LQYHVWLJDWHV WKH LPSOLFDWLRQVWRKXPDQ
IDFWRUV EURXJKW DERXW E\ WKH LQWURGXFWLRQ RI DXWRPDWHG YHKLFOHV )RU H[DPSOH UHVHDUFKHUV KDYH EHJXQ WR
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VXSSRUW WKH SULPDU\ WDVN RI GULYLQJ LQ GL'IHUHQW ZD\V ,Q WKH FRQWH[W RI DXGLWRU\ IHHGEDFN HQJLQH
WUDQVPLVVLRQ URDG DQG DHURG\QDPLF QRLVH DOO FRQWULEXWH VXEVWDQWLDOO\ WR WKH GULYHU#?V XQGHUVWDQGLQJ RI WKH
YHKLFOH#?V VWDWH >@ +RZHYHU YHKLFOH PDQXIDFWXUHUVLQFUHDVLQJO\ VWULYH WR FUHDWH TXLHWHU YHKLFOHV ERWK
LQWHUQDOO\DQGH[WHUQDOO\)URPDTXDOLW\ VWDQGSRLQW WKLVPD\EHDGYDQWDJHRXV WKRXJKUHVHDUFKKDV VKRZQ
WKDWGLPLQLVKLQJSULPDU\GULYLQJWDVNDXGLWRU\IHHGEDFNFDXVHVXQH[SHFWHGGULYLQJEHKDYLRXUVXFKDVIDVWHU
GULYLQJDQGUHGXFHGVLWXDWLRQDODZDUHQHVV >@3ULPDU\WDVN UHODWHGDXGLWRU\ IHHGEDFNHJ URDGQRLVH W\UH
QRLVHPHFKDQLFDO HQJLQHQRLVHV LV DOVR XVHGPRUH UHDGLO\E\ LQH[SHULHQFHGGULYHUV ZKR PDNH OL&?OHXVHRI
YLVXDODLGVVXFKDVWKHVSHHGRPHWHU>@ 
$XGLWRU\ IHHGEDFN LQ PDQXDOO\ GULYHQ YHKLFOHV LV PRVW R&YHQ XVHG WR SUHVHQW LQIRUPDWLRQ UHODWHG WR
VHFRQGDU\GULYLQJWDVNVDQGIRUWKLVSXUSRVHLWKDVEHHQVKRZQWREHSDUWLFXODUO\H'IHFWLYHLQFRQWUDVWWRRWKHU
PRGDOLWLHV >@ +RZHYHU ZLWK UHJDUGV WR SUHVHQWLQJ SULPDU\ GULYLQJ WDVN LQIRUPDWLRQ YLD DXGLWRU\
IHHGEDFN WKHUHKDVEHHQ OL&?OH UHVHDUFK FRQGXFWHG$XGLWRU\ IHHGEDFNKDV DOVR SURYHG WREH DQHFHVVLW\ IRU
YHKLFOHVWKDWXVHDOWHUQDWLYHSURSXOVLRQWHFKQRORJLHVIRULQVWDQFHHOHFWULFYHKLFOHVWRHQVXUHGULYHUVDUHDZDUH
RI WKH YHKLFOH#?V HQJLQH VWDWH >@ ,Q WKH FRQWH[WRI DXWRPDWHG YHKLFOHV UHVHDUFK LQWR WKH XVHIXOQHVV RI





&iLV SDSHU H[DPLQHV ZKHWKHU VSDWLDOO\ SUHVHQWHG V\QWKHVLVHG DXGLWRU\ IHHGEDFN FDQ EULGJH WKH JDS
EHWZHHQ GULYHU DQG YHKLFOH WKDW LV HQFRXQWHUHG ZKHQ WUDQVLWLRQLQJ IURP PDQXDO RSHUDWLRQ WRZDUGV IXOO\
DXWRPDWHGYHKLFOHV:H'JUVWJDWKHUHGLQIRUPDWLRQRQKRZGULYHUVUHVSRQGWRDXGLWRU\IHHGEDFNLQPDQXDOO\
RSHUDWHGYHKLFOHVGXULQJDSUHOLPLQDU\REVHUYDWLRQDO'JHOGVWXG\&iLVVWXG\HVWDEOLVKHGDWD[RQRP\RIGULYLQJ
VRXQGV DQG KLJKOLJKWHG WKDW GULYHUV ZHUH LQ IDYRXU RI UHSRVLWLRQLQJ SULPDU\ GULYLQJ VRXQGV DURXQG WKH
YHKLFOHFDELQ&iHVHUHVXOWVSURPSWHGWKHGHYHORSPHQWRIDUWL'JFLDOV\QWKHVLVHGDXGLWRU\IHHGEDFNSUHVHQWHG
VSDWLDOO\ DURXQG WKH YHKLFOH FDELQ NQRZQ DV 6SDWLDO(DUFRQV &iLV VHW RI VRXQGV ZDV GHVLJQHG WR UHSOLFDWH
H[LVWLQJ SULPDU\ GULYLQJ VRXQGV VXFK DV DFFHOHUDWLRQ EXW PDGH XVH RI WKUHH-GLPHQVLRQDO VSDWLDOLVDWLRQ WR
SURYLGHDGGLWLRQDOVSDWLDOLQIRUPDWLRQ 
:H HYDOXDWHG WKH 6SDWLDO(DUFRQV GXULQJ D GULYLQJ VLPXODWRU VWXG\ WKDW IHDWXUHG D VHULHV RI PDQXDO DQG
DXWRPDWHG GULYLQJ VFHQDULRV DQG FRPSDUHG WKHP ZLWK ([LVWLQJ9HKLFOH6RXQGV>@ &iLV VWXG\ LQYHVWLJDWHG
WKH DSSOLFDWLRQ RI 6SDWLDO(DUFRQVIRU SUHVHQWLQJ SULPDU\ GULYLQJ LQIRUPDWLRQ LQ DXWRPDWHG YHKLFOHV DQG
GHWHUPLQHG WKHLU H'IHFWLYHQHVV LQ FRQWUDVW WR FXUUHQWO\ DYDLODEOH DXGLWRU\ IHHGEDFN LQ PDQXDO YHKLFOHV
)LQGLQJV KHOSHG WR DVVHVV ZKHWKHU DUWL'JFLDO DXGLWRU\ IHHGEDFN FDQ EH XVHG LQVWHDG RI FXUUHQWO\ DYDLODEOH
DXGLWRU\IHHGEDFNWRUH-HVWDEOLVKWKHFRQQHFWLRQEHWZHHQGULYHUDQGYHKLFOHGXULQJDXWRPDWHGGULYLQJ 
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ZRXOGDQVZHUWKHVHZHUH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:LWK WKH DGYDQFHPHQW WRZDUGV IXOO\ DXWRPDWHG YHKLFOHV D FRQWLQXXP QRZ H[LVWV EHWZHHQ WUDGLWLRQDO
PDQXDOO\ RSHUDWHG YHKLFOHV DQG WKHLU DXWRPDWHG FRXQWHUSDUWV $ORQJ WKLV FRQWLQXXP DUH D PXOWLWXGH RI
FRPSXWHULVHG V\VWHPV GHVLJQHG WR SURYLGH DVVLVWDQFH WR WKH GULYHU FRPPRQO\ NQRZQ DV $GYDQFHG 'ULYHU
$VVLVWDQFH 6\VWHPV $'$6 >@ &iH 1DWLRQDO +LJKZD\ 7UD'LF 6DIHW\ $GPLQLVWUDWLRQ RI 1RUWK $PHULFD
1+76$ >@ KDV KLJKOLJKWHG 'JYH VHSDUDWH OHYHOV RI YHKLFXODU DXWRPDWLRQ :KLOH DXWRPDWHG YHKLFOH
GHYHORSPHQW LV VWLOO LQ LWV LQIDQF\ WKH DXWRPDWLRQ OHYHOV VHW RXW E\ WKH 1+76$#?V SROLF\ VWDWHPHQW KDYH
VXEVHTXHQWO\EHHQDGRSWHG LQDQXPEHURIDXWRPRWLYHKXPDQ IDFWRUV UHVHDUFKVWXGLHV >@/HYHO LV




GULYLQJ DXWRPDWLRQ  ,W LV QHFHVVDU\ WR SRLQW RXW WKDW WKH YDVW PDMRULW\ RI DXWRPDWHG YHKLFOHV FXUUHQWO\
RSHUDWH DW 1+67$ /HYHO  DXWRPDWLRQ UHTXLULQJ D GULYHU WR EH SUHVHQW IRU RFFDVLRQDO FRQWURO SURYLGHG
VX'LFLHQWWUDQVLWLRQWLPHEHWZHHQRSHUDWLRQDOVWDWHVLVJLYHQ&iHDXWRPDWLRQOHYHOFODVVL'JFDWLRQVSURSRVHGE\
WKH1+76$DUHXVHGWKURXJKRXWWKLVZRUNDVDIUDPHZRUNIRUWKHLPSOHPHQWDWLRQRIPDQXDODQGDXWRPDWHG
GULYLQJFRQGLWLRQVGXULQJWKHVLPXODWHGGULYLQJVWXG\,Q WKLV UHVHDUFK WKH WHUPVPDQXDOGULYLQJRUPDQXDO
YHKLFOHDUHXVHGWRUHIHUWRYHKLFOHVWKDWREOLJDWHWKHGULYHUWRPRQLWRUWKHGULYLQJHQYLURQPHQWDQGRSHUDWH
WKH GULYLQJ WDVN WKHUHIRUH FDWHJRULVHG DV 1+76$ /HYHO  1R $XWRPDWLRQ :KHUHDV WKH WHUPV DXWRPDWHG
GULYLQJRUDXWRPDWHGYHKLFOHUHIHUWRYHKLFOHVWKDWPRQLWRUWKHGULYLQJHQYLURQPHQWDQGWDNHRYHUWKHGULYLQJ
WDVN ZLWKRXW LQSXW IURP WKH GULYHU FDWHJRULVHG DV 1+76$ /HYHO  )XOO 6HOI-'ULYLQJ $XWRPDWLRQ &iHVH
FRQWUDVWLQJOHYHOVZHUHVHOHFWHGEHFDXVHWKH\SURYLGHGDFOHDUGLVWLQFWLRQEHWZHHQWKHVKL&YLQFRQWUROEHWZHHQ
GULYHU DQG YHKLFOH DV DXWRPDWLRQ LQFUHDVHV $GGLWLRQDOO\ /HYHOV  DQG  UHGXFHG WKH QXPEHU RI GULYLQJ
YDULDEOHVWKDWDUHSUHVHQWLQRWKHUDXWRPDWLRQOHYHOVWKHUHE\HQDEOLQJXVWRUHSOLFDWHWKHPLQDQDSSURSULDWH
DQG FRQWUROOHG ZD\ IRU UHVHDUFK SXUSRVHV %\ FRPSDULQJ VXFK FRQWUDVWLQJ OHYHOV RI YHKLFOH DXWRPDWLRQ
'JQGLQJV FRXOG DOVR VHUYH WR LQIRUP WKH GHVLJQ RI DXGLWRU\ IHHGEDFN LQ YHKLFOHV DFURVV GL'IHUHQW OHYHOV RI
DXWRPDWLRQ 
9HKLFXODU)HHGEDFN 
&iH DXWRPDWHG YHKLFOH SUHVHQWV D SDUDGLJP WKDW SURSRVHV D KRVW RI QHZ GHVLJQ D'IRUGDQFHV \HW WR EH
GLVFRYHUHG 'ULYHUV DUHQR ORQJHUEXUGHQHG ZLWKPDQXDO RSHUDWLRQRI WKHYHKLFOH ,QVWHDG WKH\ DUH DEOH WR
IUHHO\HQJDJHZLWKQRQ-GULYLQJWDVNV&iLVQHZO\DYDLODEOHIUHHGRPDOVRFDOOVIRUQHZDSSURDFKHVWRIHHGEDFN
GHVLJQ IRU SULPDU\ DQG VHFRQGDU\ GULYLQJ WDVNV ,W DOVR UDLVHV WKH TXHVWLRQ ZKHWKHU IHHGEDFN UHODWHG WR
SULPDU\ GULYLQJ WDVNV LV LQ IDFW VWLOO QHFHVVDU\ $XGLWRU\ IHHGEDFN FRQWULEXWHV VXEVWDQWLDOO\ WRZDUGV WKH
VXFFHVVIXOFRPSOHWLRQRIERWKSULPDU\DQGVHFRQGDU\GULYLQJWDVNVLQPDQXDOO\RSHUDWHGFDUV'XULQJSULPDU\
GULYLQJ WDVNVDXGLWRU\ IHHGEDFNSURYLGHVFULWLFDO GULYLQJ LQIRUPDWLRQ UHODWHG WR WKHYHKLFOH#?V VWDWH:LWKRXW
WKLV LQIRUPDWLRQ GULYHUV KDYH D UHGXFHG XQGHUVWDQGLQJ RI KRZ WKH YHKLFOH LV IXQFWLRQLQJ DQG KDYH EHHQ
VKRZQWRWDNHELJJHUULVNV>@ 
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LPSRUWDQW WR QRWH WKDW XQWLO  DXGLWRU\ LQ-YHKLFOH V\VWHPV KDG EHHQ OLPLWHG GXH WR WKH PHFKDQLFDO
KDUGZDUH XVHG WR SURGXFH VRXQGV >@ 1RZDGD\V KRZHYHU ZLWK WKH GHYHORSPHQW RI GLJLWDO FRPSXWLQJ
WHFKQRORJLHVGDWDEDVHVRIVRXQGVFDQEHUHSOLFDWHGDQGHQWLUHO\QHZVRXQGVFDQEHFUHDWHGWRDVXEVWDQWLDOO\
KLJK 'JGHOLW\ >@ $XGLWRU\ IHHGEDFN KDV EHHQ LPSOHPHQWHG LQ PDQ\ GULYHU DVVLVWDQFH V\VWHPV WR SURYLGH













)RU H[DPSOH WKH SHUFHLYHG HPRWLRQDO UHVSRQVH IURP DZDUQLQJ VRXQG PXVW HQVXUH WKDW WKH FRUUHVSRQGLQJ
DFWLRQLVSURPSWHGLPPHGLDWHO\>@&iLVLVLQNHHSLQJZLWKWKHSHUFHSWLRQWKDWDXGLWRU\LQ-YHKLFOHGLVSOD\V
DUHPRUHDGYDQWDJHRXVLQWKHLUXVHRYHUYLVLRQ-EDVHGGLVSOD\VZKHQUDSLGUHVSRQVHWLPHVDUHQHFHVVDU\>@








FKDQQHO LV PRVWO\ VXLWDEOH IRU VLPSOH PHVVDJHV DQG FRQWHQW WKDW GRHV QRW UHTXLUH WKH GULYHU WR HQJDJH LQ
VSDWLDOSHUFHSWLRQ,WLVLPSRUWDQWWRQRWHWKDWWKHGHVLJQJXLGHOLQHVVWDWLQJWKLVZHUHSXEOLVKHGLQ:KLOH
WKH UHSRUW ZDUQV DJDLQVW HQJDJLQJ GULYHUV LQ VSDWLDO SHUFHSWLRQ ZLWK WKH SURJUHVVLRQ WRZDUGV KLJKO\
DXWRPDWHGYHKLFOHVWKHLQFOXVLRQRIVSDWLDODXGLWRU\IHHGEDFNPD\LQIDFWEHFRPHDFFHSWDEOHDQGXVHIXO:LWK
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LQ PDQXDOO\ RSHUDWHG YHKLFOHV WKDW SUHVHQW LQIRUPDWLRQ WR WKH GULYHU &ROOHFWLQJ WKHVH VRXQGV KHOSHG WR
DVFHUWDLQWKHH[WHQWWRZKLFKDXGLWRU\IHHGEDFNKHOSVGULYHUVWRIHHOLQFRQWURORIWKHLUYHKLFOH&iHVHVRXQGV





IUHTXHQF\ RI RFFXUUHQFH IRU HDFK VRXQG IURP RXU WD[RQRP\ ZDV UHFRUGHG E\ WKH UHVHDUFKHU 6RXQGV WKDW
SURYRNHGD UHDFWLRQ IURPWKHSDUWLFLSDQWVDQG WKRVHWKDWZHUHDFWLYHO\ LGHQWL'JHGDVEHLQJKHDUGZHUHDOVR
UHFRUGHG&iLVZDVGRQHWRGHWHUPLQHKRZR&YHQWKHVRXQGVIURPRXUWD[RQRP\RFFXUUHGGXULQJDW\SLFDOFDU
MRXUQH\DQGKRZR&YHQGULYHUVUHVSRQGHGWRWKHVHVRXQGV&iHSUHOLPLQDU\'JHOGVWXG\ZDVDOVRXVHGWRJDWKHU
LQIRUPDWLRQ UHJDUGLQJ ZKLFK VRQLF D&?ULEXWHV HJ3LWFK )LQDOO\ WKH SUHOLPLQDU\ VWXG\ H[SORUHG ZKHWKHU
SDUWLFLSDQWV IHOW WKH GLUHFWLRQ LQ ZKLFK VRXQGV DSSHDUHG ZDV XVHIXO WR SUHVHQW LQIRUPDWLRQ UHODWHG WR WKH
GULYLQJWDVN 
3URFHGXUH 
$ WD[RQRP\ RI WZHQW\ H[SHFWHG VRXQGV 7DEOH  ZDV FUHDWHG EDVHG RQ WKH VRXQGV WKDW KDG RFFXUUHG
GXULQJ WZR 'J&YHHQ-PLQXWH SLORW VWXGLHV FRQGXFWHG EHIRUH WKH PDLQ SUHOLPLQDU\ VWXG\ WRRN SODFH &iLV
WD[RQRP\ZDVXVHGWRQRWHGRZQWKHGL'IHUHQWVRXQGVDVWKH\RFFXUUHG6RXQGV2FFXUUHGGXULQJHDFKMRXUQH\
DQG LQFOXGHG VSDFH IRU DQ\ QHZ VRXQGV WKDW RFFXUUHG GXULQJ WKH SUHOLPLQDU\ 'JHOG VWXG\ $Q\ VRXQGV WKDW
ZHUH DFWLYHO\ LGHQWL'JHG E\ SDUWLFLSDQWV 6RXQGV ,GHQWL&ἀeG ZHUH DOVR QRWHG 7R FDSWXUH WKHVH VRXQGV
SDUWLFLSDQWVZHUHUHTXLUHGWRUDLVHD'JQJHUIURPWKHVWHHULQJZKHHOWRVLJQLI\WKDWWKH\KDGKHDUGDSDUWLFXODU
VRXQG &iH\ ZHUH WKHQ DVNHG WR VWDWH WKH VRXQG WKDW KDG EHHQ LGHQWL'JHG $GGLWLRQDOO\ DQ\ VRXQGV WKDW




RXU WD[RQRP\ 7DEOH  ZHUH FDWHJRULVHG LQWR  SULPDU\ GULYLQJ WDVN VRXQGV  VHFRQGDU\ GULYLQJ WDVN
VRXQGV DQG  WHUWLDU\ GULYLQJ WDVN VRXQGV $Q DGGLWLRQDO FDWHJRU\  H[WHUQDO VRXQGV ZDV FUHDWHG WR
FDWHJRULVH VRXQGV WKDW GLG QRW IDOO LQWR WKH WKUHH GULYLQJ WDVN FDWHJRULHV HJ WKH VRXQG RI RWKHU YHKLFOHV
3ULPDU\GULYLQJ WDVNVRXQGVZHUHVRXQGV WKDWRFFXUUHGDVD UHVXOWRIGLUHFW LQWHUDFWLRQZLWK IXQFWLRQV WKDW
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,JQLWLRQ 0LUURU$GMXVWPHQW 5DGLR&'3OD\HU 5RDG7LUH1RLVH 
&OXWFK 7XUQLQJ212))/LJKWV (OHFWULF:LQGRZV 7UD'LF/LJKWV  
%UDNLQJ +RUQ &DU+HDWHU)DQ ([WHUQDO&DU+RUQV 
$FFHOHUDWLRQ ,QGLFDWRU 6HDW$GMXVWPHQWV 5XPEOH6WULS1RLVH 
*HDU&KDQJLQJ  'RRUV	'RRU/RFNV (PHUJHQF\6HUYLFHV 
&iHVWXG\WRRNSODFHLQDQGDURXQGWKHFLWLHVRI(GLQEXUJKDQG*ODVJRZZKHUHSDUWLFLSDQWVZHUHUHTXLUHG
WR GULYH WKHLU RZQ YHKLFOH RQ D URXWH WKH\ FRPPRQO\ GULYH IRU DSSUR[LPDWHO\ 'J&YHHQ PLQXWHV ZKLOVW DQ\
VRXQGRFFXUUHQFHVZHUHQRWHGGRZQE\WKHREVHUYLQJUHVHDUFKHU3DUWLFLSDQWVUHFUXLWHGYLDZRUGRIPRXWK
ZHUH JLYHQ WKH RSSRUWXQLW\ WR RSW LQ EHIRUH DJUHHLQJ WR XQGHUWDNH WKH VWXG\ &iH DJH UDQJH RI WKH HLJKW
SDUWLFLSDQWVZDV#?ZLWKDPHGLDQDJHUDQJHRI#?&iHUHZHUHWZRIHPDOHDQGVL[PDOHSDUWLFLSDQWV
ZLWKYDU\LQJGHJUHHVRIGULYLQJH[SHULHQFHKDYLQJKHOGWKHLUOLFHQVHVIRUDPHGLDQUDQJHRI#?\HDUV)RXU
SDUWLFLSDQWV RZQHG WKHLU YHKLFOHV ZKLOH WKH UHVW KDG UHJXODU DFFHVV WR D IDPLO\ZRUN FDU $YHUDJH ZHHNO\
GULYHWLPHDPRQJVWSDUWLFLSDQWVZDVEHWZHHQ#?KRXUVZLWKWKHPRVWFRPPRQMRXUQH\VEHLQJZRUNUHODWHG
VXFKDVFRPPXWLQJIROORZHGE\MRXUQH\VWRUHFUHDWLRQDODFWLYLWLHV3DUWLFLSDQWPHWULFVDUHVKRZQLQ7DEOH 
7DEOH Individual characteristics of participants that took part in observational field study. 
&iHFDUVXVHGZHUHHLWKHU WZRRUIRXUGRRUKDWFKEDFNVDQGVDORRQVUDQJLQJIURPIRXUWRQLQH\HDUVROG
1RQHRIWKHYHKLFOHVIHDWXUHGDQ\DGYDQFHGGULYHUDVVLVWDQFHV\VWHPV$'$6DQGWKHUHIRUHSHUWDLQHGWRWKH
W\SLFDO 1+76$ /HYHO  YHKLFOH DXWRPDWLRQ FODVVL'JFDWLRQ >@ &iH YHKLFOHV XVHG LQ WKH SUHOLPLQDU\ VWXG\
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2QFH SDUWLFLSDQWV KDG FRPSOHWHG WKHLU UHJXODU GULYLQJ URXWH D SRVW-HYDOXDWLRQ TXHVWLRQQDLUH ZDV
DGPLQLVWHUHGWKDWIHDWXUHGDQXPEHURI'JYH-SRLQW/LNHUWVFDOH-UDWHGTXHVWLRQV&iHVHTXHVWLRQVJDWKHUHGGDWD
UHJDUGLQJWKHYHKLFXODUVRXQGVKHDUGGXULQJHDFKMRXUQH\DVZHOODVSDUWLFLSDQWV#?VXEMHFWLYHRSLQLRQVRIWKH










1HZO\2EWDLQHG6RXQGV )RXUWHHQQHZVRXQGVZHUHREWDLQHGGXULQJ WKHSUHOLPLQDU\ 'JHOG VWXG\ LQ
DGGLWLRQWRWKHSLORWVWXGLHV2IWKHVHIRXUWHHQQHZVRXQGVWZRZHUHSULPDU\GULYLQJWDVNVRXQGVQLQHZHUH
VHFRQGDU\WDVNVRXQGVDQGWKUHHZHUHH[WHUQDOVRXQGV1RDGGLWLRQDOWHUWLDU\WDVNVRXQGVRFFXUUHGGXULQJWKH




6RXQGV2FFXUUHG6RXQGV,GHQWLILHG	5HVSRQVHV3URYRNHG &iH WZHQW\ WD[RQRP\ VRXQGV 7DEOH 
RFFXUUHG D WRWDO RI  WLPHV GXULQJ WKH HLJKW MRXUQH\V )LJ  GLVSOD\V WKH PHDQ RFFXUUHQFHV QXPEHU RI
UHVSRQVHV SURYRNHG DQG WKH WRWDO QXPEHU RI WLPHV VRXQGV ZHUH LGHQWL'JHG E\ GULYHUV DFURVV SULPDU\





)LJ Mean sound occurrences, responses provoked and sounds identified. 
3ULPDU\ WDVN VRXQGV SURYRNHG D UHVSRQVH  RI WKH WLPH 6HFRQGDU\ WDVN VRXQGV SURYRNHG D UHVSRQVH
RIWKHWLPH7HUWLDU\WDVNVRXQGVSURYRNHGDUHVSRQVHRIWKHWLPHDQGH[WHUQDOVRXQGVSURYRNHGD


















Primary Secondary Tertiary External
Mean Occurrence
Mean Response Provoked
Mean Sound Identified(55%) 
(85.4%) 
(77.8%) (40.6%) 
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RFFXUUHG PRVW R&YHQ DFURVV DOO RI WKH MRXUQH\V IHZHUUHVSRQVHV ZHUH SURYRNHG WKDQ WKH OHVV IUHTXHQWO\
RFFXUULQJ VHFRQGDU\ DQG WHUWLDU\ GULYLQJ WDVN VRXQGV 7RWDO VRXQG RFFXUUHQFH 'JQGLQJV KLJKOLJKWHG WKDW
VRXQGV UHODWHG WRSULPDU\GULYLQJ WDVNVRFFXUUHGPRUHR&YHQ WKDQ RWKHU FDWHJRULHV VHFRQGDU\ WHUWLDU\ DQG
H[WHUQDOGXULQJSDUWLFLSDQWMRXUQH\V 
+RZHYHU 'JQGLQJV DOVR VKRZHG WKDW SULPDU\ GULYLQJ WDVN VRXQGV SURYRNHG IHZHU UHVSRQVHV IURP
SDUWLFLSDQWVWKDQWKHRWKHUVRXQGFDWHJRULHV([WHUQDOVRXQGVZHUHWKHOHDVWLGHQWL'JHGRIDOOVRXQGFDWHJRULHV
DQGSURYRNHGWKHIHZHVWUHVSRQVHV3ULPDU\GULYLQJVRXQGVRFFXUUHGPRUHR&YHQWKDQVHFRQGDU\
DQG WHUWLDU\ WDVN VRXQGV EXW ZHUH LGHQWL'JHG OHDVW R&YHQ &iLV UHVXOW VXJJHVWV GULYHUV PD\ KDYH IHOW LW ZDV
XQQHFHVVDU\ WR UHVSRQG WR SULPDU\ GULYLQJ VRXQGV ZKLOH WKH VDPH FRQWLQXRXV LQIRUPDWLRQ ZDV EHLQJ
SURYLGHG ,Q FRQWUDVW SDUWLFLSDQWV PD\ KDYH JLYHQ WKH OHVV IUHTXHQW VHFRQGDU\ DQG WHUWLDU\ GULYLQJ WDVN
VRXQGVPRUHLPSRUWDQFHUHVXOWLQJLQPRUHSURYRNHGUHVSRQVHV&iLVVXJJHVWVWKDWSDUWLFLSDQWVDVVHVVHGWKH
IUHTXHQF\ RI WKH VRXQG DQG LWV LPSRUWDQFH LQ UHODWLRQ WR WKH GULYLQJ WDVN EHIRUH PDNLQJ WKHLU GHFLVLRQ WR
UHVSRQG 
&iHSUHOLPLQDU\ 'JHOGVWXG\ 'JQGLQJVDOVRVXJJHVWHG WKDW SDUWLFLSDQWVSULRULWLVHGVRXQGVGHSHQGLQJRQWKH
IXQFWLRQWRZKLFKWKH\DUHD&?DFKHG)RUH[DPSOHWKHH[WHULRUVRXQG#?5RDG7\UH1RLVH#픀 RFFXUUHGWZHQW\-IRXU





   6RQLF 3DUDPHWHU )LQGLQJV  $&YHU KHDULQJ HDFK RI WKH GL'IHUHQW VRXQGV IURP RXU WD[RQRP\
SDUWLFLSDQWVZHUHDVNHGWR UDWHZKLFKVRQLFSDUDPHWHUVFDSWXUHGWKHLUD&?HQWLRQPRVW IUHTXHQWO\XVLQJ 'JYH-
SRLQW/LNHUWVFDOHV&iHVRQLFSDUDPHWHUVSDUWLFLSDQWV ZHUHDVNHGWRKLJKOLJKWZHUH3LWFK7LPEUH/RXGQHVV
7HPSR 5HSHWLWLRQ 0HORG\ DQG 'XUDWLRQ 7DEOH  KLJKOLJKWV WKH PHDQ SDUWLFLSDQW UHVSRQVHV WR HDFK VRQLF
SDUDPHWHU WKDW FDSWXUHG WKHLU D&?HQWLRQ GL'IHUHQW VRXQGVIURP HDFK FDWHJRU\ ZHUH KHDUG 0HDQ UHVSRQVHV
VXJJHVWHG 3LWFK DQG 7LPEUH FDSWXUHG SDUWLFLSDQW D&?HQWLRQ PRVW R&YHQ ZKHQ KHDULQJ SULPDU\ GULYLQJ WDVN




H[WHUQDO VRXQGV ,W LV LPSRUWDQW WR QRWH WKDW DW ORZ ORXGQHVV OHYHOV SHUFHSWXDO LQWHUDFWLRQV FDQ RFFXU ZLWK
3LWFKDQG/RXGQHVVZKLFKPD\KDYHGLPLQLVKHGWKHH'IHFWLYHQHVVRI 3LWFK WRFDSWXUHGULYHUD&?HQWLRQDW ORZ
YROXPHV>@ 
7DEOH Mean participant responses for sonic parameters across sound categories. Five-point Likert scale-rated data. (1 = 
Strongly Disagree, 5 = Strongly Agree). 
6RQLF3DUDPHWHU 3ULPDU\ 6HFRQGDU\ 7HUWLDU\ ([WHUQDO 
/RXGQHVV     
'XUDWLRQ     
3LWFK     
7LPEUH     
0HORG\     
5HSHWLWLRQ     
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)LJ Participant sound positioning. Blue squares represent primary task sounds, red circles represent secondary task 
sounds and yellow stars represent tertiary task sounds. 
6RXQG'LUHFWLRQ)LQGLQJV 3DUWLFLSDQWV ZHUH DVNHG ZKHWKHU WKH\ IHOW WKH GLUHFWLRQ LQZKLFK VRXQGV
DSSHDUHGZDVXVHIXOWRSUHVHQWLQIRUPDWLRQUHODWHGWRWKHGULYLQJWDVN&iLV/LNHUWVFDOH -UDWHGTXHVWLRQUDQJHG
IURP  6WURQJO\ 'LVDJUHH WR  6WURQJO\ $JUHH &iH PDMRULW\ RI SDUWLFLSDQWV  RXW RI  VWDWHG WKH\





UHSUHVHQW VHFRQGDU\ VRXQG UHVSRQVHV DQG \HOORZ VWDUV UHSUHVHQW WHUWLDU\ VRXQG UHVSRQVHV &OXVWHULQJ RI
SULPDU\ VHFRQGDU\ DQG WHUWLDU\ WDVN VRXQGV LQ IURQW RI WKH GULYHU-VLGH GDVKERDUG ZDV REVHUYHG DV ZHOO DV







UHODWHG SK\VLFDO FRQWUROV DQG WKH PHFKDQLFDO IXQFWLRQ FUHDWLQJ WKH VRXQGV )RU H[DPSOH SDUWLFLSDQWV
SRVLWLRQHGEUDNLQJVRXQGVDW WKHEUDNHGLVFVRI WKHYHKLFOHEXWDOVRSRVLWLRQHGEUDNLQJVRXQGVWRZDUGVWKH
UHDU RI WKH YHKLFOH ZLWKLQ WKH FDELQ 0XOWLSOH SDUWLFLSDQWV DOVR SRVLWLRQHG JHDU FKDQJLQJ VRXQGV DW YDULRXV
ORFDWLRQV WKURXJKRXW WKH LQWHULRU RI WKH YHKLFOH ,W LV XQFOHDU ZK\ VRPH SDUWLFLSDQWV GHYLDWHG IURP WKH
SUHGLFWHGORFDWLRQVWKDWZHUHLQIHUUHGIURP7¸QQLVHWDO#?VUHVHDUFK>@&iHVH'JQGLQJVVXJJHVWHGWKDWVRPH
SDUWLFLSDQWVPD\KDYHZHOFRPHGVRXQGVUHODWHGWRSULPDU\GULYLQJWDVNVWREHORFDWHGLQDOWHUQDWLYHSRVLWLRQV
WR WKHLU WUDGLWLRQDOPHFKDQLFDOO\ERXQG ORFDWLRQV ,QFRQWUDVWDOORI WKHVRXQGVUHODWHGWRVHFRQGDU\GULYLQJ
WDVNVZHUHSODFHGDWWKHLUSK\VLFDOFRQWUROORFDWLRQVE\SDUWLFLSDQWVDVVKRZQE\)LJ7HUWLDU\WDVNVRXQGV
ZHUHPRVWR&YHQSRVLWLRQHGLQPXOWLSOHORFDWLRQVE\SDUWLFLSDQWVDURXQGWKHFDELQRIWKHYHKLFOH:KLOHPRUH
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3UHOLPLQDU\6WXG\&RQFOXVLRQV 
2XUSUHOLPLQDU\VWXG\HVWDEOLVKHG WKDWSULPDU\GULYLQJ WDVNVRXQGVDFFRXQWHG IRU WKHPDMRULW\RI VRXQG





3DUWLFLSDQWV KLJKOLJKWHG WKDW RYHUDOO WKH /RXGQHVV RI WKH VRXQGV KHDUG FDSWXUHG WKHLU D&?HQWLRQ PRVW
IUHTXHQWO\ +RZHYHU ZKHQ VRXQGV ZHUH FODVVL'JHG E\ GULYLQJ WDVN WKH 3LWFK DQG 7LPEUHRISULPDU\ GULYLQJ
WDVN VRXQGV FDSWXUHG WKH D&?HQWLRQ RI SDUWLFLSDQWV PRVWIUHTXHQWO\ :KHUHDV IRU VHFRQGDU\ WHUWLDU\ DQG
H[WHUQDO GULYLQJ WDVN VRXQGV WKH /RXGQHVVRI WKH VRXQGV FDSWXUHG SDUWLFLSDQW D&?HQWLRQ PRVW IUHTXHQWO\
6RXQGGLUHFWLRQ'JQGLQJVVKRZHGWKDWSDUWLFLSDQWVSODFHGVHFRQGDU\DQGWHUWLDU\WDVNVRXQGVDWWKHLUSK\VLFDO
FRQWURO ORFDWLRQV DV VKRZQ LQ )LJ  ,Q FRQWUDVW SULPDU\ GULYLQJ WDVN VRXQGV ZHUH PRUH R&YHQ SODFHG LQ
XQH[SHFWHG ORFDWLRQV XQUHODWHG WR WKH VRXQG#?V SK\VLFDOFRQWURO ORFDWLRQ VXFK DV WKH SODFHPHQW RI EUDNLQJ
VRXQGV DW WKH UHDU RI WKH YHKLFOH DV RQH SDUWLFLSDQW QRWHG 2XU 'JQGLQJV GR QRW HVWDEOLVK ZK\ SDUWLFLSDQWV
SODFHGSULPDU\WDVNVRXQGV LQPRUHXQH[SHFWHGORFDWLRQV+RZHYHU 'JQGLQJVVXJJHVW WKDWSDUWLFLSDQWVZHUH
PRUHZLOOLQJWRKDYHSULPDU\GULYLQJWDVNVRXQGVDSSHDULQXQH[SHFWHGORFDWLRQVUDWKHUWKDQVHFRQGDU\DQG
WHUWLDU\ WDVN VRXQGV 2YHUDOO WKH SUHOLPLQDU\ 'JHOG VWXG\#?V 'JQGLQJV KLJKOLJKWHG WKDW DXGLWRU\ IHHGEDFN
FRQWULEXWHGVXEVWDQWLDOO\LQWKHSUHVHQWDWLRQRIGULYLQJLQIRUPDWLRQLQWKHSDUWLFLSDQWV#?YHKLFOHV 
3UHYLRXV UHVHDUFK E\ %HD&?LH HW DO >@ KLJKOLJKWHG WKDW VWDWLFDOO\ VSDWLDOLVLQJ SULPDU\ GULYLQJ VRXQGV
SURYLGHG ORZHU GULYHU ZRUNORDGV LQ FRPSDULVRQ WR WUDGLWLRQDOO\ ORFDWHG GULYLQJ VRXQGV &iLV UHVHDUFK DOVR
KLJKOLJKWHGWKHXVHIXOQHVVRIHDUFRQVDVDQDOWHUQDWLYHVRXQGFXHW\SHWRZHOO-UHFRJQLVHGPHFKDQLFDOGULYLQJ
VRXQGV >@ %DVHG RQ WKH 'JQGLQJV IURP RXU SUHOLPLQDU\ 'JHOG VWXG\ ZH H[WHQGHG %HD&?LH HW DO#?V SUHYLRXV
UHVHDUFK E\ GHYHORSLQJ D VHW RI 6SDWLDO(DUFRQV 2XU 6SDWLDO(DUFRQ VWXG\ ZDV WKHQ FRQGXFWHG LQ D PRUH
UHDOLVWLF RXWGRRU HQYLURQPHQW WKDQ %HD&?LH HW DO#?V VWXG\ >@ WR HYDOXDWH WKH XVHIXOQHVV RI WKHVH W\SHV RI
HDUFRQVIRULQIRUPDWLRQSUHVHQWDWLRQLQDXWRPDWHGYHKLFOHV 
63$7,$/($5&21678'< 
&iH DLP RI WKLV VWXG\ ZDV WR GHWHUPLQH ZKHWKHU RXU 6SDWLDO(DUFRQV FRXOG SURYLGH D JUHDWHU IHHOLQJ RI
FRQWURO WRGULYHUVRIDXWRPDWHGYHKLFOHV WKDQ([LVWLQJ9HKLFOH6RXQGV7RDGGUHVV WKLVDLPDXVHU VWXG\ZDV
FRQGXFWHGXVLQJDGHVNWRSGULYLQJVLPXODWRUVHWXSORFDWHGLQDQRXWGRRUFDUSDUNLQRUGHUWRDQVZHUTXHVWLRQV
WZRDQGWKUHHRIWKLVUHVHDUFKZKLFKZHUH 




&iH GULYLQJ VLPXODWRU VWXG\ IHDWXUHG WZR GULYLQJ FRQGLWLRQV PDQXDO DQG DXWRPDWHG DQG WZR DXGLWRU\
IHHGEDFN W\SHV ([LVWLQJ 9HKLFOH 6RXQGV DQG 6SDWLDO (DUFRQV &iXV SDUWLFLSDQWV XQGHUWRRN IRXU GULYLQJ
VFHQDULRV IROORZLQJWKHSURFHGXUHRI%HD&?LHHWDO>@'XULQJWKHPDQXDOFRQGLWLRQV 1+76$/HYHO >@
SDUWLFLSDQWVFRQWUROOHG2SHQ'ULYLQJ6LPXODWRU2SHQ'6VR&YZDUHYLDDVWHHULQJZKHHODQGSHGDOV2SHQ'6
ZDVVHOHFWHGDVLWSURYLGHGDVXLWDEOHSODWIRUPIURPZKLFKWRFRQ'JJXUHRXUGL'IHUHQWDXGLWRU\GLVSOD\P HWKRGV
>@ $Q H[DPSOH RI WKH VLPXODWRU VHWXS LV VKRZQ LQ )LJ  3DUWLFLSDQWV ZHUH SUHVHQWHG ZLWK DQ LGHQWLFDO
VFHQDULR #?&RXQWU\VLGH#?ZKLFK FDPH EXQGOHG ZLWK 2SHQ'6 &iLV VFHQDULR IHDWXUHG D GD\-WLPH YLUWXDO
HQYLURQPHQW FRQVLVWLQJRIDZLQGLQJVLQJOH-ODQH URDG3DUWLFLSDQWVGURYHDORQJ WKLV URDG IRUDSSUR[LPDWHO\
'JYHPLQXWHVSHUVFHQDULRPLQVWRWDOGULYLQJEHIRUH HQFRXQWHULQJD7-MXQFWLRQDWZKLFKSRLQW WKH\ZHUH
DVNHG WR VWRS WKH YHKLFOH $UWL'JFLDOO\ LQWHOOLJHQW $, YHKLFOHV QDYLJDWHG WKH HQYLURQPHQW RQ SUH-GH'JQHG
URXWHV DFWLQJ DV YLUWXDO WUD'LF &iH LQFOXVLRQ RI WKHV H $, YHKLFOHV REOLJDWHG SDUWLFLSDQWV WR UHDFW WR VXGGHQ
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)LJ'ULYLQJ simulator setup 
$XGLWRU\'LVSOD\V 
2XU WZR DXGLWRU\ GLVSOD\ W\SHV HDFK FRQWDLQHG IRXU PDMRU SULPDU\ GULYLQJ VRXQGV DV QRWHG E\ >@
DFFHOHUDWLRQEUDNLQJ LQGLFDWLRQDQGJHDUFKDQJLQJ$OOVRXQGVZHUHGHOLYHUHGXVLQJDVXUURXQGVSHDNHU
VHWXS SRVLWLRQHG DURXQG WKH YHKLFOH 6\QWKHVLVHG URDG QRLVH ZDV DGGHG WR 2SHQ'6 WKDW PRGXODWHG E\
ORXGQHVVGHSHQGLQJRQYHKLFOH#?VVSHHG:HDOVRHQVXUHGSDUWLFLSDQWVFRXOGFOHDUO\KHDUDQ\H[WHUQDOGULYLQJ
QRLVHV RFFXUULQJ IURP WKH HQYLURQPHQWV RI RXU VWXG\ VHWXS &UHDWHG VRXQGV DUH DYDLODEOH DV SDUW RI WKH
SXEOLFDWLRQDVDGRZQORDGDEOHGDWDVHWDWK&?SZZZL&?JURXSRUJ'JOH-UHSRVLWRU\ 
  ([LVWLQJ9HKLFOH6RXQGV  &iH ([LVWLQJ9HKLFOH6RXQGV ZHUH D JURXS RI IDPLOLDU PRGHUQ LQWHUQDO
FRPEXVWLRQHQJLQH,&(VRXQGVSURGXFHGE\%HD&?LHHWDO>@DQGFDQEHREWDLQHGDVDGRZQORDGDEOHUHVRXUFH




HW DO >@ DQGRXU SUHOLPLQDU\ 'JHOG VWXG\ 6RXQGVZHUH FUHDWHG XVLQJ WKH5HDVRQ  DXGLR FUHDWLRQ VR&YZDUH
>@$VGHVFULEHGHDUOLHUHDUFRQVDUHDXGLRPHVVDJHVFRQVLVWLQJRIVWUXFWXUHGPXVLFDOWRQHV(DFKHDUFRQZDV
FUHDWHG WR UHSOLFDWH WKH VRQLFTXDOLWLHVRI ([LVWLQJ9HKLFOH6RXQGV DQG IROORZHG WKHJHQHUDO GHVLJQJXLGHOLQHV
ODLGRXWE\%UHZVWHUHWDO>@%RWKFRQWLQXRXVDQGGLVFUHWHIRUPVZHUHFUHDWHGGHSHQGLQJRQWKHQDWXUHRI
WKH LQIRUPDWLRQ EHLQJ SUHVHQWHG )RU H[DPSOH WKH DFFHOHUDWLRQGHFHOHUDWLRQ VRXQG ZDV D UHSUHVHQWDWLRQDO
HDUFRQ XVLQJ D FRQWLQXRXV V\QWKHVLVHG PXOWL-WH[WXUHG ZDYHIRUP DQDORJRXV WR WKDW RI WKH ([LVWLQJ9HKLFOH
XX:12 ڰ David Beattie et al. 
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6RXQGVDFFHOHUDWLRQGHFHOHUDWLRQ:KHUHDVJHDU-FKDQJLQJDQGLQGLFDWRUVRXQGVZHUHGLVFUHWHDEVWUDFWHDUFRQV
XVHGWRVLJQLI\WKHHYHQWVWDWHFKDQJH&iHIROORZLQJVHFWLRQGLVFXVVHVHDFKLQGLYLGXDOSDUDPHWHUDQGKRZWKH
UHVSHFWLYH HDUFRQV ZHUH GHVLJQHG DURXQG WKHVH EHJLQQLQJ ZLWK 7LPEUH5HJLVWHU DQG 5K\WKP WR FUHDWH WKH
EDVLFVWUXFWXUH>@ 
7LPEUH (DFKRI WKHGL'IHUHQWHDUFRQVFUHDWHGZHUHVHSDUDWHG LQWR GLVWLQFW IDPLOLHVXVLQJGL'IHULQJ
7LPEUHV$FFHOHUDWLRQDQGEUDNLQJVRXQGVZHUHFUHDWHGXVLQJDFRQWLQXRXVV\QWKHVLVHGZDYHIRUP&iLVVRXQG
ZDVFUHDWHGXVLQJWZRFRPSOH[ZDYHIRUPVOD\HUHGRQWRSRIHDFKRWKHUZKLFKFUHDWHGDGLVWLQFW7LPEUHZLWK
PXOWLSOHKDUPRQLFV VLPLODU WR WKH #?KXP#?RI D YHKLFOH HQJLQH &iHJHDU FKDQJLQJ HDUFRQ XVHGD V\QWKHVLVHG





&iH 3LWFK RI WKH DFFHOHUDWLRQ DQG EUDNLQJ HDUFRQV ZDV PDSSHG WR WKH HQJLQH#?V 530 DQG YDULHG DFURVV WZR
RFWDYHV GHSHQGLQJ RQ WKH YHKLFOH#?V HQJLQH VWDWH $W 530 HQJLQH LGOH WKH VRXQG SOD\HG RQ QRWH )
+] $W PD[LPXP 530 530 WKH VRXQG SOD\HG WZR RFWDYHV KLJKHU RQ QRWH ) +] &iUHH






WKUHH FRQVHFXWLYHQRWHV IURPWKH&0DMFKRUGVWDUWLQJRQ PLGGOH& +] DV WKHYHKLFOHZDV WXUQHGRQ
:KHQWKHLJQLWLRQZDVWXUQHGR'IWKHQRWHVRI&0DMZHUHSOD\HGFRQVHFXWLYHO\LQUHYHUVHRUGHU 
5K\WKP'XUDWLRQ	7HPSR ,Q DFFRUGDQFHZLWK%UHZVWHU HW DO#?V >@JXLGHOLQHV5K\WKPVRIHDFK




FRQYH\ DQ LQFUHDVH DQG GHFUHDVH LQ HQJLQH 530 &iH JHDU FKDQJH HDUFRQV DOO XWLOLVHG WKH VDPH 5K\WKP
'XUDWLRQDQG7HPSRDVWKH\ZHUHSDUWRIWKHVDPHIDPLO\(DFKRIWKHWZRQRWHVWKDWPDGHXSWKHJHDUFKDQJH
HDUFRQVSOD\HGIRUPVDQGIHDWXUHGDVKRUWGHOD\RIPVXQWLOWKHVRXQGVWRSSHG%HWZHHQHDFKQRWHZDV
D SDXVH RI PV &iH WRWDO OHQJWK RI WLPH HDFK HDUFRQ ODVWHG ZDV KDOI D VHFRQG &iH 7HPSR RI HDFK JHDU
FKDQJHHDUFRQZDVFRQVWDQWDWDSSUR[LPDWHO\ESP&iHLQGLFDWRUHDUFRQZDVDVLQJXODUQRWHSOD\HGRQ&
ZLWK QR FKDQJH LQ 5K\WKP DQG UHSHDWHG DW D 7HPSR RI ESP &iLV 7HPSR ZDV VHOHFWHG DV LW ZDV WKH
DSSUR[LPDWH7HPSRRIWKHLQGLFDWRUVRXQGXVHG LQWKH([LVWLQJ9HKLFOH6RXQGVJURXS&iHVRXQGSOD\HGRQFH
WKH LQGLFDWRU ZDV DFWLYDWHG RQ WKH /RJLWHFK VWHHULQJ ZKHHO FRQWUROV VHH 6HFWLRQ  WKHQ HQGHG RQFH WKH




,QWHQVLW\ &iH ,QWHQVLW\ RI HDFK HDUFRQ GLG QRW FKDQJH $OO VRXQGV ZHUH QRUPDOLVHG WR -G% DQG
SDUWLFLSDQWVZHUHZHOFRPHWRDGMXVWWKHRYHUDOOYROXPHRIWKHDXGLRSOD\HGEDFNGXULQJHDFKGULYLQJVFHQDULR
WRDFRPIRUWDEOHOHYHO 
 6SDWLDOLVDWLRQ  6RXQG VSDWLDOLVDWLRQ KDV EHHQ H[SORUHG IRU XVH DFURVV QXPHURXV WHFKQRORJLFDO
GRPDLQV DV WKH VSDWLDO ORFDWLRQ RI LQGLYLGXDO VRXQG VRXUFHV SURYLGHV DQ DGGLWLRQDO LQIRUPDWLRQ FXH DQG
HQKDQFHV FRKHUHQFH EHWZHHQ FRQFXUUHQW DXGLR VRXUFH SOD\EDFN >@ ,Q WKH FRQWH[W RI YHKLFOHV
VSDWLDOLVDWLRQ KDV EHHQ LQYHVWLJDWHG WR HQKDQFH VLWXDWLRQDO DZDUHQHVV GXULQJ PDQXDO GULYLQJ EXW LWV
XVHIXOQHVVKDV\HW WREH LQYHVWLJDWHG IRU DXWRPDWHGYHKLFOHV >@&iHUHIRUH VRXQGVZHUH VSDWLDOLVHGDV LW
ZDV H[SHFWHG WKDW LW ZRXOG R'IHU DQ DGGLWLRQDO GLPHQVLRQ IURP ZKLFK WR FRQYH\ DXGLWRU\ LQIRUPDWLRQ
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)XUWKHUPRUH LWV LQFOXVLRQ KHOSHG WR GHWHUPLQH ZKHWKHU LW ZDV XVHIXO IRU R'IHULQJ DQ LPSURYHG IHHOLQJ RI
FRQWUROLQDQDXWRPDWHGYHKLFOH 
$FFHOHUDWLRQGHFHOHUDWLRQHDUFRQVZHUHVSDWLDOLVHGWREHKHDUGDWHTXDOORXGQHVVIURPDOOVSHDNHUVSODFLQJ








&iH GULYLQJ VLPXODWRU HYDOXDWLRQ ZDV FRQGXFWHG LQ WKH FDELQ RI D UHDO YHKLFOH LQ DQ RXWGRRU FDU SDUN
ORFDWLRQZLWKWKHFDUIDFLQJWKHEDFNHQWUDQFHWRDEXLOGLQJ&iLVLVLQFRQWUDVWWRPRVWRWKHUGULYLQJVLPXODWRU
VWXGLHV WKDW PDNH XVH RI LQGRRU VLPXODWRUV >@ &iLV ZDV GRQH IRU WKUHH UHDVRQV )LUVWO\ ZH FRXOG
GHWHUPLQH WKH YDOLGLW\ RI XVLQJ 6SDWLDO(DUFRQV LQ PDQXDO DQG DXWRPDWHG GULYLQJ VFHQDULRV ZLWKLQ D PRUH
UHDOLVWLFGULYLQJHQYLURQPHQWWKDQRWKHUVSDWLDOLVHGDXGLWRU\IHHGEDFNUHVHDUFK >@6HFRQGO\DQ\HWKLFDO
DQG OHJDO FRQFHUQV ZHUH PLQLPLVHG WKDW PD\ KDYH EHHQ HQFRXQWHUHG ZLWK UHDO GULYLQJ EXW HQVXUHG RXU
SDUWLFLSDQWV UHWDLQHG IXOO FRQWURO RI WKH YHKLFOH >@ &iLUGO\ DQ RXWGRRU ORFDWLRQ DOORZHG XV WR GHWHUPLQH
ZKHWKHUUHDO-OLIHHQYLURQPHQWDOIDFWRUVKDGDQ\LPSDFWRQZKHQHYDOXDWLQJERWKDXGLWRU\GLVSOD\W\SHV&iH
FDUSDUNLQJVSDFHZDV ORFDWHGDSSUR[LPDWHO\ WZHQW\PHWUHV IURPDEXV\PDLQURDGDQG 'J&Y\PHWUHV IURPD
PRWRUZD\,QIURQWRIWKHVSDFHZDVDSDYHPHQWOHDGLQJWRDODUJHEXLOGLQJ&iHVLGHVDQGUHDURIWKHSDUNLQJ
VSDFHZHUHXQREVWUXFWHG$VWKHFDUSDUNZDV LQFORVHSUR[LPLW\WR WZREXV\URDGVDYDULHW\RIUHDO-ZRUOG
GULYLQJ VRXQGVZHUHKHDUG FRQVLVWHQWO\ WKURXJKRXW WKH VWXG\'XH WR WKHVH VRXQGV WKH FDU SDUN#?V ORFDWLRQ
SURYLGHGDOHYHORILPPHUVLRQWKDWPRYHGWRZDUGVWKDWRIDUHDO-ZRUOGGULYLQJVLWXDWLRQEXWFULWLFDOO\HQVXUHG
D OHYHO RI VDIHW\ ZDVPDLQWDLQHG GXULQJ WKH VWXG\ 6RXQG SUHVVXUH OHYHOV G% 63/ DQG DPELHQW OLJKW /X[
PHDVXUHPHQWV ZHUH WDNHQ DW WKH FDU SDUN ORFDWLRQ DW UHJXODU LQWHUYDOV GXULQJ WKH HYDOXDWLRQ DV VKRZQ LQ
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7DEOH Max, min, mean ( DQGVWDQGDUGGHYLDWLRQ kIRUDPELHQWOLJKW	VRXQGSUHVVXUHOHYHOV63/LQERWKVWXG\
locations. 













 ?  
6LPXODWRU(TXLSPHQW 








VKRZQ LQ )LJ  /H&Y DQG ULJKW IURQW VSHDNHUV ZHUH SODFHG RIURP WKH FHQWUH VSHDNHU 5HDU OH&Y DQG ULJKW




3DUWLFLSDQWV ZHUH 'JUVW JLYHQ DQ LQWURGXFWLRQ WR WKH VWXG\ WKHQ ZHUH DVNHG LI WKH\ ZLVKHG WR FRQWLQXH
EHIRUH FRPSOHWLQJ D VKRUW SUH-HYDOXDWLRQ TXHVWLRQQDLUH 3DUWLFLSDQWV ZHUH WKHQ SUHVHQWHG ZLWK WKH GULYLQJ
VLPXODWRU VR&YZDUH VHWXS ZLWKLQ WKH YHKLFOH#?V FDELQ DQGZHUH EULHIHG RQ WKH FRQWUROV &iH\ ZHUH JLYHQ WHQ
PLQXWHV WR EHFRPH DFFXVWRPHG WR GULYLQJ ZLWKLQ WKH VLPXODWRU EHIRUH WKH PDLQ SKDVH RI WKH VWXG\
FRPPHQFHG 'ULYLQJ FRQGLWLRQV DQG DXGLWRU\ GLVSOD\ W\SH ZHUH FRXQWHUEDODQFHG WR PLQLPLVH DQ\ SRVVLEOH
RUGHU H'IHFWV (DFK SDUWLFLSDQW XQGHUWRRN IRXU VFHQDULRV LQ WRWDO ODVWLQJ 'JYH PLQXWHV HDFK 'XULQJ WKH
VFHQDULRVSDUWLFLSDQWVZHUHWROGWRSD\VSHFL'JFD&?HQWLRQWRWKHVRXQGVZLWKLQHDFKVFHQDULR7RHQVXUHWKLV
ZDV XSKHOG GLUHFW REVHUYDWLRQV ZHUH WDNHQ E\ WKH OHDG UHVHDUFKHU GXULQJ HDFK VFHQDULR %HWZHHQ HDFK





6L[WHHQ SDUWLFLSDQWV  PDOH  IHPDOH DJHG  WR  PHDQ  ZKR KDG QRW SDUWLFLSDWHG LQ WKH
SUHOLPLQDU\ 'JHOG VWXG\ WRRNSDUW LQRXU VLPXODWRU VWXG\0HDQGULYLQJ OLFHQVH OHQJWKZDV 'JYH WR WHQ\HDUV
DQGPHDQGULYLQJGXUDWLRQZDVRQHWRWKUHHKRXUVSHUZHHN&iHPRVWFRPPRQMRXUQH\ZDVFRPPXWLQJWR
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'DWD*DWKHULQJ0HWKRGV 
&iUHHGDWDJDWKHULQJPHWKRGVZHUHFRPSOHWHGD&YHUHDFKRIWKHIRXUVFHQDULRV'ULYHUZRUNORDGZDV 'JUVW
DVVHVVHG XVLQJ WKH 'ULYHU $FWLYLW\ /RDG ,QGH[ '$/, TXHVWLRQQDLUH >@ 1H[W XVDELOLW\ RI WKH DXGLWRU\
GLVSOD\V ZDV PHDVXUHG XVLQJ D 6\VWHP 8VDELOLW\ 6FDOH 686 >@ /LNHUW VFDOH-UDWHG TXHVWLRQV ZHUH DOVR
GLVWULEXWHGWRREWDLQQXPHULFDOTXDOLWDWLYHGDWDUHODWHGWRWKHUHVHDUFKTXHVWLRQVRIWKLVSDSHU$&YHUWKH'JQDO
VFHQDULRZDVFRPSOHWHGDQDGGLWLRQDOSRVW-HYDOXDWLRQTXHVWLRQQDLUHZDVSUHVHQWHGWKDWIHDWXUHGDVHWRIRSHQ
HQGHG TXHVWLRQV &iHVH TXHVWLRQV ZHUH XVHG WR DVFHUWDLQ LQGLYLGXDO VXEMHFWLYH SHUVSHFWLYHV WKDW WKH
SDUWLFLSDQWV PD\ KDYH KDG D&YHU XQGHUWDNLQJ WKH VWXG\&iH IROORZLQJ VHFWLRQV GLVFXVV HDFK RI WKH GDWD
JDWKHULQJPHWKRGVLQPRUHGHWDLO 
 'ULYHU $FWLYLW\ /RDG ,QGH[ '$/, &iH 'ULYHU $FWLYLW\ :RUNORDG ,QGH[ '$/, >@ KDV EHHQ
GHYHORSHG DQG XVHG WR HYDOXDWH ZRUNORDG VSHFL'JFDOO\ ZLWKLQ WKH FRQWH[W RI GULYLQJ ZLWK RU ZLWKRXW WKH
VXSSRUWRI LQ-YHKLFOHV\VWHPV>@&iH'$/, LVKHDYLO\EDVHGRQWKH1$6$-7/;>@EXW LV OHVVIUHTXHQWO\
XVHG ,W IHDWXUHV VL[ IDFWRUV JOREDO D&?HQWLRQ GHPDQG YLVXDO GHPDQG DXGLWRU\ GHPDQG VLWXDWLRQDO VWUHVV
WHPSRUDOGHPDQGDQG LQWHUIHUHQFHVFRUHGIURP]HURWR 'JYH ORZWRKLJK'XHWR WKHVHDOWHUHGIDFWRUV WKH
'$/, LV DQ H'IHFWLYH WRRO WR DVVHVVZRUNORDG UHODWHG WR LQ-YHKLFOH LQIRUPDWLRQ V\VWHPV ,9,6 >@ ,WKDV
EHHQLPSOHPHQWHGWRDVVHVVZRUNORDGIRUVSHHFK-EDVHGZDUQLQJVGXULQJPDQXDOGULYLQJ>@ 
6\VWHP8VDELOLW\6FDOH686 &iH 6\VWHP8VDELOLW\ 6FDOH 686 GHYHORSHGE\%URRNH LVDFRPPRQO\




>@ TXHVWLRQQDLUHV FDQ EH DGDSWHG VR ORQJ DV WKH FKDQJHV PDGH DUH PLQRU SURYLGHG WKH ZRUGLQJ RI WKH
FKDQJH GRHV QRW DOWHU WKH QDWXUH RI ZKDW LV EHLQJ PHDVXUHG &iH\ SRLQW RXW WKDW D W\SLFDO H[DPSOH LV WKH















3RVW(YDOXDWLRQ࢛HVWLRQV $&YHU FRPSOHWLQJDOO RI WKH VFHQDULRV D VHULHV RI RSHQ-HQGHG TXHVWLRQV
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5(68/76 
'$/, DQG 686 UHVXOWV ZHUH DQDO\VHG XVLQJ D WZR-ZD\ ZLWKLQ-VXEMHFW UHSHDWHG PHDVXUHV $129$ ZLWK
GULYLQJ FRQGLWLRQ  OHYHOV DV WKH LQGHSHQGHQW YDULDEOH DQG DXGLWRU\ GLVSOD\  OHYHOV DV WKH GHSHQGHQW
YDULDEOH /LNHUW VFDOH-UDWHG TXHVWLRQV ZHUH DQDO\VHG XVLQJ :LOFR[RQ VLJQHG-UDQN WHVWV 0HDQ DQG VWDQGDUG
GHYLDWLRQV DUH UHSRUWHG IRU '$/, DQG 686 UHVXOWV 0HGLDQ YDOXHV DQG LQWHUTXDUWLOH UDQJHV DUH UHSRUWHG IRU
/LNHUWTXHVWLRQV&iH DFURQ\PV (96DQG6( DUHXVHG WR UHSUHVHQW ([LVWLQJ9HKLFOH6RXQGVDQG6SDWLDO(DUFRQV
ZLWKLQ)LJDQG)LJ 
'$/,:RUNORDG$QDO\VLV 
$ UHSHDWHG-PHDVXUHV $129$ VKRZHG WKDW WKHUH ZDV QR VWDWLVWLFDOO\ VLJQL'JFDQW LQWHUDFWLRQ EHWZHHQ
GULYLQJ FRQGLWLRQ DQG DXGLWRU\ GLVSOD\ W\SH IRU '$/, ZRUNORDG )    S  :RUNORDG ZDV QRW
VLJQL'JFDQWO\ GL'IHUHQWEHWZHHQDXGLWRU\GLVSOD\ W\SHV  )  S  RUGULYLQJ FRQGLWLRQV ) 
S )LJGLVSOD\VWKHPHDQWRWDO'$/,ZRUNORDGVFRUHVIRUHDFKDXGLWRU\IHHGEDFNPHWKRGGXULQJ
GULYLQJ FRQGLWLRQV 0HDQ ZRUNORDG VFRUH IRU ([LVWLQJ9HKLFOH6RXQGV  s  ZDV KLJKHU WKDQ 6SDWLDO
(DUFRQV  s  D PHDQ GL'IHUHQFH RI   &,  WR  EXW ZRUNORDG ZDV QRW VLJQL'JFDQWO\
KLJKHU WKDQ 6SDWLDO(DUFRQV S  0DQXDO GULYLQJ  s  SURGXFHG KLJKHU PHDQ ZRUNORDGV WKDQ
DXWRPDWHG GULYLQJ  s  D PHDQ GL'IHUHQFH RI   &,  WR  EXW ZRUNORDG ZDV QRW
VLJQL'JFDQWO\ KLJKHU GXULQJ PDQXDO GULYLQJ FRQGLWLRQV S    +RZHYHU ZRUNORDG ZDV H[SHFWHG WR EH
KLJKHU GXULQJ PDQXDO GULYLQJ DV SDUWLFLSDQWV ZHUH UHTXLUHG WR SK\VLFDOO\ RSHUDWH WKH YHKLFOH LQ RUGHU WR
FRPSOHWHWKHGULYLQJWDVNGXULQJWKHHYDOXDWLRQ 
 
)LJ Mean workload scores for auditory display during driving conditions. Error bars represent St. Error. (Max score = 
30, lower = better). EVS acronym represents Existing Vehicle Sounds, SE represents Spatial Earcons. 
8VDELOLW\6865HVXOWV 
$ UHSHDWHG-PHDVXUHV $129$ VKRZHG WKDW WKHUH ZDV QR VWDWLVWLFDOO\ VLJQL'JFDQW LQWHUDFWLRQ EHWZHHQ
GULYLQJFRQGLWLRQDQGDXGLWRU\GLVSOD\W\SHRQXVDELOLW\) S 8VDELOLW\ZDVQRWVLJQL'JFDQWO\
GL'IHUHQWEHWZHHQDXGLWRU\GLVSOD\W\SHV) S RUGULYLQJFRQGLWLRQV) S 
)LJGLVSOD\VWKHPHDQXVDELOLW\VFRUHVIRUHDFKDXGLWRU\IHHGEDFNPHWKRGGXULQJGULYLQJFRQGLWLRQV0HDQ
XVDELOLW\ IRU ([LVWLQJ9HKLFOH6RXQGV  s  ZDV KLJKHU WKDQ 6SDWLDO(DUFRQV  s  D PHDQ
GL'IHUHQFH RI   &,  WR  EXW XVDELOLW\ ZDV QRW VLJQL'JFDQWO\ KLJKHU WKDQ 6SDWLDO(DUFRQV
S &iLV 'JQGLQJVKRZVWKDWERWK 6SDWLDO(DUFRQVDQG([LVWLQJ9HKLFOH6RXQGVSURGXFHGVLPLODUOHYHOVRI
XVDELOLW\GXULQJPDQXDODQGDXWRPDWHGGULYLQJFRQGLWLRQV0HDQXVDELOLW\ IRUPDQXDOGULYLQJs
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)LJ Mean SUS scores for auditory display during driving conditions. Error bars represent St. Error. (Max score = 100, 
higher = better). EVS acronym represents Existing Vehicle Sounds, SE represents Spatial Earcons. 
/LNHUW6FDOH$QDO\VLV 
4(QKDQFLQJ$ZDUHQHVVRI9HKLFOH٧V$FWLRQV 1HLWKHU DXGLWRU\ GLVSOD\ W\SH ZDV VWDWLVWLFDOO\ VLJQL'JFDQWO\
EH&?HUDWHQKDQFLQJGULYHUDZDUHQHVVWRWKHDFWLRQVRIWKHYHKLFOHZKHQFRPSDUHG] -S &iLV
'JQGLQJ VKRZV WKDW ERWK 6SDWLDO(DUFRQV DQG ([LVWLQJ9HKLFOH6RXQGV ZHUH VLPLODU LQ WHUPV RI H'IHFWLYHQHVV
ZKHQ XVHG WR HQKDQFH GULYHU DZDUHQHVV WR WKH YHKLFOH#?VDFWLRQV GXULQJ PDQXDO DQG DXWRPDWHG GULYLQJ
FRQGLWLRQV 'ULYLQJ FRQGLWLRQV ZHUH DOVR IRXQG WR EH VWDWLVWLFDOO\ VLJQL'JFDQWO\ VLPLODU DW HQKDQFLQJ GULYHU
DZDUHQHVV WR WKH DFWLRQV RI WKH YHKLFOH ZKHQ PDQXDO DQG DXWRPDWHG GULYLQJ ZHUH FRPSDUHG ] -
S  
4(QKDQFLQJ$ZDUHQHVVRI2ZQ$FWLRQV  ([LVWLQJ9HKLFOH6RXQGV 0HGLDQ    ,45    -  HQKDQFHG
GULYHUDZDUHQHVVRIWKHLURZQDFWLRQVVLJQL'JFDQWO\PRUHWKDQ6SDWLDO(DUFRQV0HGLDQ ,45 -] -
 S  &iLV UHVXOW PD\ KDYH EHHQ GXH WR WKH IDPLOLDULW\ RI ([LVWLQJ9HKLFOH6RXQGV LQ FRQWUDVW WR
6SDWLDO(DUFRQV3DUWLFLSDQWVPD\KDYHEHHQDEOHWRXVHWKHVHVRXQGVPRUHH'IHFWLYHO\WREHDZDUHRIWKHLURZQ
DFWLRQV 3DUWLFLSDQW DZDUHQHVV RI WKHLU RZQ DFWLRQV ZDV VLJQL'JFDQWO\ HQKDQFHG GXULQJ PDQXDO GULYLQJ LQ
FRPSDULVRQWRDXWRPDWHGGULYLQJ] -S &iLV'JQGLQJZDVH[SHFWHGDVSDUWLFLSDQWVZHUH DFWLYHO\
LQYROYHGGXULQJPDQXDOGULYLQJFRQGLWLRQV7DEOHKLJKOLJKWVFRPSDULVRQVDQGVLJQL'JFDQWYDOXHVIRUTXHVWLRQ
WZR 
4)HHOLQJRI&RQWURO 1HLWKHU DXGLWRU\ GLVSOD\ W\SH SURYLGHG D VLJQL'JFDQWO\ JUHDWHU IHHOLQJ RI FRQWURO
ZKHQ FRPSDUHG ] - S  0DQXDO GULYLQJ ZDV VLJQL'JFDQWO\ EH&?HU WKDQ DXWRPDWHG GULYLQJ IRU
SURYLGLQJ D IHHOLQJ RI FRQWURO ] -S  &iLV ZDV H[SHFWHG DV SDUWLFLSDQWV ZHUH LQ FRQWURO GXULQJ
PDQXDOVFHQDULRV 
4 ,QWHQGHG$FWLRQVRI9HKLFOH  $XGLWRU\ GLVSOD\ W\SHV ZHUH QRW VWDWLVWLFDOO\ VLJQL'JFDQWO\ GL'IHUHQW DW
SURYLGLQJGULYHUDZDUHQHVVWRWKHLQWHQGHGDFWLRQVRIWKHDXWRPDWHGYHKLFOH] -S 0DQXDODQG
DXWRPDWHGGULYLQJFRQGLWLRQVDOVRSURYLGHGVLPLODUOHYHOVRIDZDUHQHVVWRWKHLQWHQGHGDFWLRQVRIWKHYHKLFOH
] -S  
4 'LVWUDFWLRQ IURP 3ULPDU\ 'ULYLQJ 7DVN  1HLWKHU 6SDWLDO (DUFRQV QRU ([LVWLQJ 9HKLFOH 6RXQGV ZHUH
VLJQL'JFDQWO\GLVWUDFWLQJGXULQJPDQXDODQGDXWRPDWHGGULYLQJ] -S $XWRPDWHGGULYLQJ0HGLDQ
 ,45 -ZDVPRUHGLVWUDFWLQJWKDQPDQXDOGULYLQJ0HGLDQ ,45 -] -S 7DEOH
KLJKOLJKWVFRPSDULVRQVDQGVLJQL'JFDQWYDOXHVIRUTXHVWLRQWZR 
4 $XGLWRU\ 'LVSOD\ 6DWLVIDFWLRQ  1HLWKHU DXGLWRU\ GLVSOD\ W\SH ZDV IRXQG WR EH VLJQL'JFDQWO\ PRUH
VDWLVI\LQJ WR XVH GXULQJ PDQXDO DQG DXWRPDWHG GULYLQJ ] - S  0DQXDO DQG DXWRPDWHG GULYLQJ
ZHUHDOVRVLPLODUO\VDWLVI\LQJ] -S  
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7DEOH Wilcoxon values for comparisons between auditory feedback type (Existing Vehicle Sounds & Spatial Earcons) 
and driving condition (Manual & Automated) for the six Likert scale-rated questions. Significant values are highlighted in 
green. 
/LNHUWࢋHVWLRQ $XGLWRU\'LVSOD\7\SH 'ULYLQJ&RQGLWLRQ 
 ] S ] S 
4-(QKDQFLQJ$ZDUHQHVVRI9HKLFOH#?V
$FWLRQV 
-  -  
4-(QKDQFLQJ$ZDUHQHVVRI2ZQ$FWLRQV -  -  
4-)HHOLQJRI&RQWURO -  -  
4-,QWHQGHG$FWLRQVRI9HKLFOH -    
4-'LVWUDFWLRQIURP3ULPDU\'ULYLQJ7DVN -  -  
4-$XGLWRU\'LVSOD\6DWLVIDFWLRQ -  -  
3RVW-(YDOXDWLRQࣟHVWLRQV 
3DUWLFLSDQWV ZHUH 'JUVW DVNHG ZKDW WKHLU SUHIHUUHG DXGLWRU\ GLVSOD\ ZDV GXULQJ WKH VWXG\ 7ZHOYH
SDUWLFLSDQWV UHSRUWHG WKDW WKH\ SUHIHUUHG XVLQJ WKH 6SDWLDO(DUFRQV DQG IRXU SUHIHUUHG WR XVH WKH ([LVWLQJ
9HKLFOH 6RXQGV:KHQ DVNHG DERXW ZKLFK VRXQGV WKH\ H[SHFWHG WR KHDU GXULQJ WKH VWXG\ VRPH RI WKH
SDUWLFLSDQWV KLJKOLJKWHG WKDW WKH\ H[SHFWHG WR KHDU PRUH VRXQGV IURP $, YHKLFOHV WKDW QDYLJDWHG WKH
HQYLURQPHQW2QHSDUWLFLSDQWDOVRSRLQWHGRXWWKDWWKH\ZRXOGKDYHH[SHFWHGWRKHDUVRPHZLQGQRLVHDVWKH
YHKLFOHPRYHGDWVSHHGDVZHOODVVWUHVVHVRQWKHYHKLFOHZKHQFRUQHULQJ&iLUWHHQRIWKHSDUWLFLSDQWVGLGQRW
IHHO WKDW DQ\ H[WUD DXGLWRU\ LQIRUPDWLRQ ZDV UHTXLUHG GXULQJ WKH VWXG\ +RZHYHU WKUHH SDUWLFLSDQWV
PHQWLRQHG WKDW LWZRXOG KDYHEHHQXVHIXO WR DGGDGGLWLRQDO LQIRUPDWLRQ VXFKDVZDUQLQJ VRXQGV IRURYHU-
UHYYLQJ SDUNLQJ VRXQGV DQG JHDU VWLFN PRYHPHQWV 3DUWLFLSDQWV ZHUH DOVR DVNHG ZKHWKHU WKH GULYLQJ
VLPXODWRU SURYLGHG D UHDOLVWLF GULYLQJ H[SHULHQFH &iLV TXHVWLRQ ZDV GHOLYHUHG XVLQJ D /LNHUW VFDOH UDQJLQJ
IURP6WURQJO\'LVDJUHH WR6WURQJO\$JUHH #?3DUWLFLSDQWV6RPHZKDW$JUHHG0 6'  WKDW WKH
GULYLQJVLPXODWRUSURYLGHGDUHDOGULYLQJH[SHULHQFH 
)LQDOO\SDUWLFLSDQWVZHUHLQYLWHGWROHDYHFRPPHQWVUHJDUGLQJWKHLUH[SHULHQFHZLWKWKHGL'IHUHQWDXGLWRU\







&iHVH VWDWHPHQWV VXSSRUW VRPH RI RXU TXDQWLWDWLYH UHVXOWV E\ VXJJHVWLQJ WKDW WKH VSDWLDO FRPSRQHQW RI
6SDWLDO(DUFRQVSURYLGHGXVHIXOGLUHFWLRQDO LQIRUPDWLRQXSGDWHVWRWKHGULYHUVZKHQXQGHUWDNLQJPDQXDODQG
DXWRPDWHG GULYLQJ VFHQDULRV &iLV DGGLWLRQDO LQIRUPDWLRQ ZDV QRW SUHVHQW ZKHQ KHDULQJ ([LVWLQJ9HKLFOH
6RXQGV DQG WKHUHIRUHPD\KDYHDLGHGZLWKHQKDQFLQJ WKHGULYHUV#?DZDUHQHVV WR WKH LQWHQGHGDFWLRQVRI WKH
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5HVSRQVHV VXJJHVWHG WKDW SDUWLFLSDQWV PRVWO\ SUHIHUUHG WR XVH WKH 6SDWLDO(DUFRQVDQG IRXQG WKHP WR EH
HQJDJLQJ WR XVH EXW VRPH SDUWLFLSDQWV KDG UHVHUYDWLRQV DERXW XVLQJ WKHP LQ WKHLU RZQ YHKLFOH 6RPH
SDUWLFLSDQWV DOVR UHTXHVWHG DXGLWRU\ IHHGEDFN IRU DGGLWLRQDO LQIRUPDWLRQ WKDW ZDV QRW LQFOXGHG GXULQJ WKH
VWXG\&iHVHUHVSRQVHVZHUHXVHIXODVWKH\KLJKOLJKWHGRWKHUSRVVLEOHXVHVIRU6SDWLDO(DUFRQV 
',6&866,21 
&iH 'JUVW UHVHDUFK TXHVWLRQ WKLV SDSHU DLPHG WR DQVZHU ZDV ڨ+RZVKRXOGDXGLWRU\IHHGEDFNIRUSULPDU\
GULYLQJWDVNLQIRUPDWLRQEHSUHVHQWHGLQDXWRPDWHGYHKLFOHV"#픀 2XUSUHOLPLQDU\ 'JHOGVWXG\KLJKOLJKWHGWKDW 3LWFK
DQG 7LPEUH ZHUH NH\ VRQLF SDUDPHWHUV WKDW FDSWXUHG SDUWLFLSDQW D&?HQWLRQ ZKLOVW KHDULQJ SULPDU\ GULYLQJ
VRXQGV LQ PDQXDOO\ RSHUDWHG YHKLFOHV 5HVXOWV IURP WKH SUHOLPLQDU\ 'JHOG VWXG\ DOVR VXJJHVWHG WKDW
SDUWLFLSDQWVZHOFRPHG WKH UHORFDWLRQ RI ([LVWLQJ9HKLFOH6RXQGV DURXQG WKH FDELQRI WKHYHKLFOH )URPWKHVH
'JQGLQJVZHGHYHORSHGDVHWRI6SDWLDO(DUFRQVWKDWZHUHPRGXODWHGE\3LWFKDQG7LPEUHDQGZHUHVSDWLDOLVHG
DURXQG WKH GULYHU ZLWKLQ WKH YHKLFOH FDELQ 2XU GULYLQJ VLPXODWRU VWXG\ VKRZHG WKDW WKH 6SDWLDO(DUFRQV
SURGXFHG ORZHU RYHUDOO PHDQ GULYHU ZRUNORDGV WKDQ ([LVWLQJ 9HKLFOH 6RXQGV EXW ZRUNORDG ZDV QRW





DVWKHP &iHVH 'JQGLQJV KLJKOLJKW WKDW ([LVWLQJ9HKLFOH6RXQGVDUH QRW LQWHJUDO WR H'IHFWLYHO\ FRPPXQLFDWH
SULPDU\GULYLQJLQIRUPDWLRQWRGULYHUVLQDXWRPDWHGYHKLFOHV,QVWHDGLWKDVVKRZQWKDWDUWL'JFLDOV\QWKHVLVHG
VRXQGV VXFK DV RXU 6SDWLDO (DUFRQV FDQ DOVR H'IHFWLYHO\ FRPPXQLFDWH WKLV LQIRUPDWLRQ 1RUPDQ KDV
PDLQWDLQHGWKDW WKHSUREOHPZLWKDXWRPDWLRQ LV WKH ODFNRIFRQWLQXDODSSURSULDWH IHHGEDFNWKDW LVUHFHLYHG
GXULQJPDQXDORSHUDWLRQ>@2XU 'JQGLQJVKLJKOLJKW WKDW LQ WKHFRQWH[WRIDXWRPDWHGGULYLQJSUH-H[LVWLQJ
YHKLFOH DXGLWRU\ IHHGEDFN ([LVWLQJ9HKLFOH6RXQGVFRXOG EH UHSODFHG ZLWK V\QWKHVLVHG DXGLWRU\ IHHGEDFN
6SDWLDO(DUFRQVZLWKRXW QHJDWLYHO\ LPSDFWLQJ GULYHU ZRUNORDG ZKLOVW VWLOO R'IHULQJ DFFHSWDEOH OHYHOV RI
XVDELOLW\ 




ZDVDQDSSURSULDWHPHWKRG WRSUHVHQWSULPDU\GULYLQJ LQIRUPDWLRQZLWKLQDQDXWRPDWHGYHKLFOH WRVXSSRUW
WKHGULYHU3UHYLRXVUHVHDUFKKDVDOVRPHQWLRQHGWKDWH[LVWLQJLQ-YHKLFOHWHFKQRORJLHVKDYHQRWLPSOHPHQWHG
VRXQGWRLWVIXOOSRWHQWLDO>@)RUPDQXDOGULYLQJ7UHQWDFRVWHKDVVWDWHGWKDWWKHGULYHUVKRXOGQRWHQJDJH
LQVSDWLDOSHUFHSWLRQDV LWPD\GLVWUDFW WKHPIURPWKHGULYLQJWDVN >@+RZHYHUGLVWUDFWLRQWR WKHGULYLQJ
WDVNLVRIIDUOHVVFRQFHUQGXULQJDXWRPDWHGGULYLQJ&iHUHIRUHEDVHGRQRXU'JQGLQJVZHVXJJHVWWKDWGXHWR 
WKH UHGXFHGULVNRIGULYHUGLVWUDFWLRQDQG WKHRSSRUWXQLWLHV VSDWLDOLVDWLRQR'IHUVDVDQDGGLWLRQDOGLPHQVLRQ
IURPZKLFKWRSUHVHQWLQIRUPDWLRQDXWRPDWHGYHKLFOHVFDQHPSOR\DXGLWRU\IHHGEDFNLQDVSDWLDOLVHGPDQQHU
EHFDXVHLWHQKDQFHVGULYHUDZDUHQHVVWRWKHDFWLRQVRIWKHYHKLFOH 
&iH VHFRQG UHVHDUFK TXHVWLRQ IRU WKLV UHVHDUFK ZDV #?$UH6SDWLDO(DUFRQVPRUHXVHIXOWKDQ([LVWLQJ9HKLFOH
6RXQGVWRSUHVHQWSULPDU\GULYLQJWDVNLQIRUPDWLRQLQDXWRPDWHGYHKLFOHV"#픀 6SDWLDO(DUFRQV ZHUH DV XVHIXO DV
([LVWLQJ9HKLFOH6RXQGV WR SUHVHQW SULPDU\ GULYLQJ LQIRUPDWLRQ LQ DXWRPDWHG YHKLFOHV &iH\ SURGXFHG ORZHU
PHDQ ZRUNORDGV WKDQ ([LVWLQJ9HKLFOH6RXQGV EXW ZRUNORDG ZDV QRW VLJQL'JFDQWO\ ORZHU DV VKRZQ LQ )LJ 
&iLV'JQGLQJGHPRQVWUDWHVWKDW 6SDWLDO(DUFRQVZHUHDVXLWDEOHDOWHUQDWLYHWR([LVWLQJ9HKLFOH6RXQGVWRSUHVHQW
SULPDU\GULYLQJLQIRUPDWLRQ6SDWLDO(DUFRQVDOVRSURYLGHGVLPLODUOHYHOVRIXVDELOLW\WR([LVWLQJ9HKLFOH6RXQGV
VHH)LJ&iLV UHVXOW UHLQIRUFHV WKHSRWHQWLDORI 6SDWLDO(DUFRQV DVDQDOWHUQDWLYH WR ([LVWLQJ9HKLFOH6RXQGV
IRUWKHSUHVHQWDWLRQRISULPDU\GULYLQJLQIRUPDWLRQ+RZHYHUZKHQHQKDQFLQJGULYHUDZDUHQHVVWRWKHLURZQ
DFWLRQV([LVWLQJ9HKLFOH6RXQGVZHUHIRXQGWREHPRUHH'IHFWLYHWKDQ 6SDWLDO(DUFRQV&iLVLV LQNHHSLQJZLWK
:RJDOWHU HW DO ZKHUH XVHUV ZHUH IRXQG WR SUHIHU DQ HOHFWULF YHKLFOH WR VRXQG OLNH D WUDGLWLRQDO LQWHUQDO
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VKRZHG WKDW GULYHUV ORVH D IHHOLQJ RI FRQWURO HYHQ ZKHQ VLQJXODU GULYLQJ WDVNV DUH DXWRPDWHG >@ 2XU
'JQGLQJVGRQRWGHPRQVWUDWHWKDWWKHXVHRI 6SDWLDO(DUFRQVSURGXFHGDVLJQL'JFDQWO\JUHDWHUIHHOLQJRIFRQWURO
WKDQ ([LVWLQJ9HKLFOH6RXQGV GXULQJ DXWRPDWHG GULYLQJ +RZHYHU WKH\ GLG SURYLGH DQ DZDUHQHVV WR WKH
YHKLFOH#?V DFWLRQV GXULQJ DXWRPDWHG GULYLQJ VLPLODU WR ([LVWLQJ9HKLFOH6RXQGV EXW ZHUH OHVV H'IHFWLYH DW 
SURYLGLQJDQDZDUHQHVVWRWKHGULYHUV#?RZQDFWLRQVZKLOVWGULYLQJ&iLV'JQGLQJPD\KDYHRFFXUUHG DVDUHVXOW





&iHSUHOLPLQDU\REVHUYDWLRQDO 'JHOG VWXG\ZDVFRQGXFWHG ZLWKHLJKWSDUWLFLSDQWV&iHUHIRUHQRHPSLULFDO
TXDQWLWDWLYHDQDO\VLVRIWKHUHVXOWVFRXOGEHFRQGXFWHG+RZHYHUWKHUDQJHRIGHVFULSWLYHVWDWLVWLFVREWDLQHG
IURP WKH SUHOLPLQDU\ 'JHOG VWXG\ SURYLGHG PDQ\ SURPLVLQJ UHVXOWV ,Q SDUWLFXODU WKH VWXG\ VXJJHVWHG WKDW
SDUWLFLSDQWVSODFHGGL'IHUHQWOHYHOVRILPSRUWDQFHRQGULYLQJVRXQGVGHSHQGLQJRQZKDWGULYLQJWDVNFDWHJRU\
ZLWKZKLFK WKH\ZHUHDVVRFLDWHG&iHVH 'JQGLQJVSUHVHQW DQ LQWHUHVWLQJDUHD IRU IXUWKHUUHVHDUFKDVD ODUJHU
UHSHDWHGVWXG\ZRXOGJDWKHUDVHWRILQIHUHQWLDOVWDWLVWLFV&iLVPD\SURYLGHPRUHFRQFUHWHHYLGHQFHUHJDUGLQJ
WKH FRJQLWLYH SURFHVVHV LQYROYHG LQ D GULYHU#?V GHFLVLRQ WR UHVSRQG WR GULYLQJ VRXQGV ,Q DGGLWLRQ WKH 'JHOG
VWXG\ KLJKOLJKWHG WKDW WKH VRQLF SDUDPHWHUV WKDW FDXJKW SDUWLFLSDQWV#?D&?HQWLRQ ZHUH GL'IHUHQW EHWZHHQ









IRU UDSLG LPSOHPHQWDWLRQEXWKDGVRPHGUDZEDFNV&iH $,DXWRQRPRXVYHKLFOHV WKDWQDYLJDWHG WKHGULYLQJ
VLPXODWRUHQYLURQPHQWRQSUH-GH'JQHGURXWHVGLGQRWSURYLGHDXGLWRU\IHHGEDFN&iLVZDVKLJKOLJKWHGE\WKUHH
RI WKH SDUWLFLSDQWV GXULQJ WKH SRVW-HYDOXDWLRQ VWDJH &iHUHIRUH WKH GULYLQJ VLPXODWRU FRQGLWLRQV GLG QRW
IHDWXUH H[WHUQDO WUD'LF QRLVH GXULQJ DQ\ RI WKH H[SHULPHQWV &iLV PD\ KDYH UHGXFHG WKH SHUFHLYHG UHDOLVP
GXULQJ WKH GULYLQJ FRQGLWLRQV 7R FRXQWHUDFW WKLV ODFN RI H[WHULRU QRLVH RXU GULYLQJ VLPXODWRU VWXG\ ZDV
FRQGXFWHGLQDQRXWGRRUORFDWLRQ&iLVHQVXUHGWKDWUHDO-ZRUOGHQYLURQPHQWDOVRXQGVIURPQXPHURXVH[WHUQDO
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&iH REMHFWLYH RI WKLV ZRUN ZDV WR H[SORUH WKH UROH RI DXGLWRU\ IHHGEDFN LQ DXWRPDWHG YHKLFOHV WR DVVHVV
ZKHWKHULWFDQUH-HVWDEOLVKDFRQQHFWLRQEHWZHHQWKHGULYHUDQGWKHYHKLFOHDQGR'IHUDIHHOLQJRIFRQWURO2XU
H[SHULPHQW KLJKOLJKWV WKDW GULYHUV GR QRW QHFHVVDULO\ UHTXLUH WKH FRQWLQXHG LQFOXVLRQ RI ([LVWLQJ9HKLFOH
6RXQGV LQRUGHU WREHPDGHDZDUHRIWKH LQWHQGHGDFWLRQVRIDQDXWRPDWHGYHKLFOH,QVWHDGZHKDYHVKRZQ
WKDW V\QWKHVLVHGDUWL'JFLDO GULYLQJ VRXQGV FDQEH FUHDWHG WKDW UHSOLFDWH WKH VRQLFTXDOLWLHVRI ([LVWLQJ9HKLFOH
6RXQGVZLWK QR LPSDFW WR GULYHU ZRUNORDG RU XVDELOLW\ )XUWKHUPRUH WKHVH VRXQGV FDQ EH SUHVHQWHG XVLQJ
WKUHH-GLPHQVLRQDOVSDWLDOLVDWLRQWRSURYLGHDGGLWLRQDOLQIRUPDWLRQWRWKHGULYHUDQGHQKDQFHWKHLUDZDUHQHVV
WR DQ DXWRPDWHG YHKLFOH#?V DFWLRQV :KLOH WKLV SDSHU H[SORUHV WKH DXGLWRU\ PRGDOLW\ UHVHDUFK FRXOG EH
FRQGXFWHGWRDGGUHVVKRZGL'IHUHQWPRGDOLWLHVVXFKDVWDFWLOHRUYLVXDOIHHGEDFNFDQKHOSWRUH-HVWDEOLVKWKH
FRQQHFWLRQEHWZHHQGULYHUDQGYHKLFOHLQDXWRPDWHGYHKLFOHV 
$ ORQJLWXGLQDO VWXG\ ZRXOG EHQH'JW WKLV ZRUN WR H[SORUH GULYHUV#?EHKDYLRXUDO FKDQJHV RYHU WLPH ZKLOVW
HQJDJHG LQ DQ DXWRPDWHG MRXUQH\ XVLQJ 6SDWLDO(DUFRQV$GGLWLRQDOO\ D UHDO-ZRUOG DXWRPDWHG GULYLQJ VWXG\
VKRXOG EH FRQGXFWHG WR IXUWKHU DVVHVV WKHLU XVHIXOQHVV ZKHQ UHDO GULYLQJ HYHQWV DUH HQFRXQWHUHG )XUWKHU
LQYHVWLJDWLRQVVKRXOGDOVREHFDUULHGRXWWRHYDOXDWHWKHXVHRI6SDWLDO(DUFRQVZLWKLQDXWRPDWHGYHKLFOHVWKDW
IHDWXUH/HYHODQG/HYHO DXWRPDWLRQ >@&iLVZRXOGXOWLPDWHO\SURYLGHDPRUHFRPSOHWHSLFWXUHRI WKH
XVHIXOQHVV RI 6SDWLDO(DUFRQV IRU DOO OHYHOV RI DXWRPDWLRQ LQ YHKLFOHV 0RUHRYHU WKH DSSOLFDWLRQ RI 6SDWLDO
(DUFRQVPD\EHXVHIXOIRUWKHLQYHVWLJDWLRQRI#?KDQGRYHURIFRQWURO#?VLWXDWLRQVLQDXWRPDWHGYHKLFOHVEHWZHHQ
KLJKHUWRORZHUDXWRPDWLRQOHYHOV$QH[DPSOHRIWKHLUXVHPD\EHWKDWGXULQJPDQXDOGULYLQJGULYHUVFRXOG





IRU QDYLJDWLRQDO FXHV YLD PRELOH GHYLFHV >@ DQG DXJPHQWHG UHDOLW\ JDPLQJ >@ %HFDXVH GULYHUV DUH QR
ORQJHUEXUGHQHGZLWKWKHPDQXDOWDVNRIGULYLQJLQDXWRPDWHGYHKLFOHVWKH\DUHIUHHWRFDUU\RXWQRQ-GULYLQJ
WDVNV&iHUHIRUHLWZRXOGEHXVHIXOWRH[SORUHZKDWDGGLWLRQDOW\SHVRIDXGLWRU\IHHGEDFNGULYHUVZRXOGZLVK




&iLV ZRUN KDV EURDGHU LPSOLFDWLRQV IRU WKH XELTXLWRXV FRPSXWLQJ FRPPXQLW\ RXWVLGH RI WKH DXWRPDWHG
YHKLFOH GRPDLQ 2XU H'IRUWV KDYH IRFXVHG RQ WKH SUHVHQWDWLRQ RI SULPDU\ GULYLQJ LQIRUPDWLRQ XVLQJ 6SDWLDO
(DUFRQV WR UHSODFH ([LVWLQJ9HKLFOH6RXQGVDQG UH-HVWDEOLVK D FRQQHFWLRQ EHWZHHQ WKH GULYHU DQG WKHYHKLFOH
+RZHYHU 6SDWLDO(DUFRQV FRXOG EH DOVR XVHG DV SDUW RI DXGLWRU\ IHHGEDFN IRU WHOHSUHVHQFH WHFKQRORJLHV IRU





&iLV VWXG\ LQYHVWLJDWHG WKH DSSOLFDWLRQ RI 6SDWLDO(DUFRQVIRU SUHVHQWLQJ SULPDU\ GULYLQJ LQIRUPDWLRQ LQ
DXWRPDWHGYHKLFOHVDQGGHWHUPLQHGWKHLUH'IHFWLYHQHVV LQFRQWUDVWWRFXUUHQWO\DYDLODEOHDXGLWRU\IHHGEDFNLQ
PDQXDOYHKLFOHVHJ([LVWLQJ9HKLFOH6RXQGV)LQGLQJVKHOSHGWRDVVHVVZKHWKHUDUWL'JFLDODXGLWRU\IHHGEDFNFDQ
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&iLV UHVHDUFK PDNHV D QRYHO FRQWULEXWLRQ WR WKH 'JHOG RI  DXWRPDWHG YHKLFOH XVHU LQWHUIDFH UHVHDUFK DV
6SDWLDO(DUFRQVKDYHQRWSUHYLRXVO\EHHQLQYHVWLJDWHGDVDPHWKRGWRSUHVHQWSULPDU\GULYLQJLQIRUPDWLRQWR
GULYHUV LQDXWRPDWHGYHKLFOHV5HVXOWV IURPRXUGULYLQJVLPXODWRU VWXG\VKRZHG WKDW 6SDWLDO(DUFRQVZHUHD
VXLWDEOH DOWHUQDWLYH WR ([LVWLQJ9HKLFOH6RXQGV DV D PHWKRG RI SUHVHQWLQJ SULPDU\ GULYLQJ LQIRUPDWLRQ ,Q
SDUWLFXODU WKH\ R'IHUHG FRPSDUDEOH OHYHOV RI XVDELOLW\ WR GULYHUV DQG SURGXFHG ORZHU PHDQ ZRUNORDGV WKDQ
([LVWLQJ9HKLFOH6RXQGV 6SDWLDO(DUFRQV ZHUH QRW VKRZQ WR EH D GLVWUDFWLRQ WR WKH GULYLQJ WDVN E\ GULYHUV
&iHUHIRUH 6SDWLDO(DUFRQVPD\EHFRQVLGHUHGDVXLWDEOHDOWHUQDWLYHWR([LVWLQJ9HKLFOH6RXQGVLIWKHLULQWHQWLRQ
LV WR SUHVHQW SULPDU\ GULYLQJ LQIRUPDWLRQ WR HQKDQFH GULYHU DZDUHQHVV WR WKH LQWHQGHG DFWLRQV RI DQ
DXWRPDWHG YHKLFOH+RZHYHU D VX'LFLHQW OHDUQLQJ SHULRGPD\EH UHTXLUHG VR WKDWGULYHUV FDQDGRSW 6SDWLDO
(DUFRQVWRH'IHFWLYHO\HQKDQFHDZDUHQHVVWRWKHLURZQDFWLRQVZKHQGULYLQJ 
&iLVUHVHDUFKGHPRQVWUDWHVWKDWHQWLUHO\QHZV\QWKHVLVHGSULPDU\GULYLQJVRXQGVVXFKDV6SDWLDO(DUFRQV
FDQ EH GHVLJQHG WR UHSODFH ([LVWLQJ9HKLFOH6RXQGV IRU DXWRPDWHG YHKLFOHV &iHVH QHZ V\QWKHVLVHG VRXQGV
VKRXOG LPLWDWH WKH SUH-H[LVWLQJ VRQLF FKDUDFWHULVWLFV RI WKH PHFKDQLFDO VRXQG WKH\ DUH LQWHQGHG WR UHSODFH
)XUWKHUPRUH WKHVH V\QWKHVLVHG VRXQGV FDQ EH SUHVHQWHG VSDWLDOO\ DURXQG WKH YHKLFOH FDELQ LQ RUGHU WR
HQKDQFHGULYHUV#?DZDUHQHVVWRWKHLQIRUPDWLRQSUHVHQWHG&iHVHGLVFRYHULHVRSHQXSDUDQJHRIRSSRUWXQLWLHV
IRULQWHUDFWLRQGHVLJQHUVZLVKLQJWRXWLOLVHDXGLWRU\IHHGEDFNLQDXWRPDWHGYHKLFOHVE\VKRZLQJWKDWLWLVQRW
QHFHVVDU\ WR UHWDLQ WKHXVHRI([LVWLQJ9HKLFOH6RXQGV$GGLWLRQDOO\ WKLVZRUNEHQH'JWV WKHZLGHUXELTXLWRXV
FRPSXWLQJFRPPXQLW\:HKDYHVKRZQWKDWV\QWKHVLVHGDXGLWRU\IHHGEDFNVXFKDV6SDWLDO(DUFRQVR'IHUV D
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